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SUMMARY 
This r epor t  has been prepared and i s  submitted i n  f u l f i l l m e n t  
o f  Sec t ion  I1 (Del iverable  Items), Item 5 o f  Contract NAS5- 
3914. 
a c t i v i t y  for t h e  period 1 January, 1965 to 1 Apr i l ,  1965. 
Included he re in  i s  a d e t a i l e d  d i scuss ion  o f  t h e  program 
During t h i s  per iod,  program e f f o r t  has been concentrated i n  
t h e  fol lowing a reas  : 
1. Completed t h e  design of t h e  speed servo with sub- 
s t i t u t e  motor. 
2 .  Received and t e s t e d  b rush le s s  dc motor. 
3. Fabr ica ted  a l l  mechanical p a r t s ,  appl ied  non-corrosive 
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T h i s  r epor t  has been prepared and i s  submitted i n  f u l f i l l m e n t  
of Sec t ion  11, Item 5 of Contract NAS5-3914. Included he re in  
i s  t h e  p r o j e c t  a c t i v i t y  for t h e  per iod 1 January,  1965 to 
1 Apri l ,  1965. 
It i s  t h e  ob jec t ive  o f  t h i s  program to design, develop, f a b r i -  
ca t e ,  t e s t ,  and d e l i v e r  a 1 O O O 1  compact endless  loop magnetic 
recorder  which u t i l i z e s  1/2" wide t ape .  The t a p e  sha l l  con- 
t a i n  5 t r a c k s  which w i l l  enable recording and reproducing a 
s i g n a l  i n  t h e  frequency range of 20 KC t o  130 KC a t  a t ape  
speed o f  33 i p s .  
The recorder  system i s  divided i n t o  t h e  fol lowing major a reas :  
Phase Lock Servo 
Transport  
Brushless  DC Motor 
Magnetic Heads 
An a n a l y s i s  of t h e  a c t i v i t y  i n  each of t h e s e  a reas  i s  i n -  
cluded i n  sepa ra t e  sec t ions  of t h i s  r e p o r t .  
S i g n i f i c a n t  achievements during t h i s  per iod inc lude :  
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1 . 
4 
a.  Received and tes ted  t h e  b rush le s s  de motor. 
b.  Completed t h e  design of t h e  r e e l  holding device .  
e .  Completed the  design of t h e  speed servo w i t h  t h e  
s u b s t i t u t e  motor. 
d .  I n i t i a t e d  preliminary tes ts  of t h e  speed servo and 
t h e  b rush le s s  de motor. 
e .  Prepared and submitted f i n a l  t es t  p lan  f o r  NASA 
approval .  
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SYSTEM 
The System Block Diagram, Figure 1, rep resen t s  t h e  cu r ren t  
system des ign .  
Tes t s  of a breadboard system, cons i s t ing  of a breadboard servo, 
s u b s t i t u t e  motor, and experimental  t r a n s p o r t  were made. 
S a t i s f a c t o r y  f l u t t e r  l e v e l s  were obtained while servoing f r o m  
t h e  pickup and t h e  tape ;  however, because of t he  breadboard 
conf igura t ion  of t h e  u n i t ,  no abso lu te  values  of f l u t t e r  were 
measured. These measurements w i l l  be  de fe r r ed  u n t i l  t h e  
prototype u n i t  i s  in t eg ra t ed  w i t h  t h e  f i n a l  servo and t h e  
b rush le s s  dc motor. 
A double-acting r e e l  holding device d r iven  by pulse  ac tua t ion ,  
has been incorporated i n  the  design.  T h i s  device w i l l  be 
used to hold t h e  r e e l  and t ape  s t a b l e  during v i b r a t i o n  and w i l l  
improve t h e  s t a r t - s t o p  c h a r a c t e r i s t i c s  of t h e  recorder .  I n  
conjunction w i t h  t h e  r e e l  holding device,  refinements have 
been made to t h e  cone r o l l e r s ,  which make i t  poss ib l e  to 
a c c e l e r a t e  and d e c e l e r a t e  even more e f f e c t i v e l y .  
- 3 -  
- 4 -  
PHASE LOCK SERVO 
I 
I 
A s  t h e  design of t h e  motor d r i v e  p o r t i o n  of t h e  speed servo 
progressed, i t  became apparent t ha t  t h e  power saved by chopping 
t h e  cur ren t  to t h e  d r i v e  motor would be more than o f f s e t  by 
t h e  c i r c u i t  complexities introduced. Seventeen v o l t s  dc i s  
needed to opera te  t h e  brushless  dc motor a t  t h e  d r i v e  speed 
requi red .  
Assuming a power supply of 24 vdc, a vo l t age  drop of 7 v o l t s ,  
under quiescent  condi t ions , would r e s u l t  ac ross  t h e  con t ro l  
t r a n s i s t o r .  T h i s  vo l tage  i s  l e s s  than  1/2 of tha t  requi red  
by t h e  d r i v e  motor. Since t h e  same cu r ren t  flows through t h e  
d r i v e  motor and t h e  cont ro l  t r a n s i s t o r ,  t he  power d i s s i p a t i o n  
r a t i o  w i l l  be t h e  same as t h e  vo l t age  r a t i o  (2:l). 
24 volts i s  used to cont ro l  t h e  speed of t h e  d r i v e  motor, the  
power l o s s  i n  t h e  c o n t r o l  t r a n s i s t o r  would be reduced to t h e  
amount encountered i n  a sa tu ra t ed  t r a n s i s t o r ,  which i s  approxi- 
mately l / lOth  of t h e  vol tage consumed by t h e  motor. The power 
savings i n  t h e  c o n t r o l  t r a n s i s t o r  i s  o f f s e t  by a r i s e  i n  power 
necessary to s a t i s f y  the impedance requirements f o r  r e l i a b l e  
g a t e  con t ro l  switch operat ion.  
If  chopped 
The deciding f a c t o r ,  then, must be i n  t h e  a r e a  of  r e l i a b i l i t y .  
It i s  f e l t  t ha t  t h e  combined complexity of  t h e  blocking os -  
c i l l a t o r ,  t h e  l e v e l  d e t e c t o r  ampl i f ie r ,  t h e  g a t e  con t ro l l ed  
r e c t i f i e r  and a s soc ia t ed  commutation c i r c u i t r y ,  and t h e  motor 
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d r i v e  f i l t e r  exceed tha t  of t h e  conventional dc a m p l i f i e r  of 
t h e  type commonly used i n  speed con t ro l  servos.  Since t h e  
f a i l u r e  h i s t o r y  of  the  dc a m p l i f i e r  i s  known, having been 
employed i n  LEC recorders  for years ,  i t  has been decided to 
use  t h e  dc a m p l i f i e r  i n  place of t h e  chopper d r i v e  f o r  t h e  
motor. 
t h e  rev ised  speed servo appear as f i g u r e s  2 and 3, r e spec t ive ly .  
A schematic diagram and func t iona l  block diagram f o r  











r - - - - - - - -  
I rl 



















I I% 4- 1 I u 
I t 
- 
- 8 -  
I .  
TRANSPORT 
A f t e r  i n i t i a l  t e s t i n g  of t h r e e  r e e l s  having cone angles  of 
1l0, l TO,  and 25 , and using c y l i n d r i c a l  and/or cone shaped 
guides  to n e g o t i a t e  t ape  e x i t ,  t h e  most s u c c e s s f u l  opera t ion  
occurred while  using t h e  1' r e e l  and an 11 
After  s a t i s f a c t o r y  guidance from t h e  r e e l  to the  cone, i t  
became apparent that  a d d i t i o n a l  guiding f r o m  t h e  cone r o l l e r  
to t h e  entrance guide would be  necessary due to t h e  angular  
approach of t ape  to t h e  l a s t  guide.  Seve ra l  methods were 
attempted u n t i l  s a t i s f a c t o r y  r e s u l t s  were obtained by t h e  
use  of a c y l i n d r i c a l  r o l l e r  mounted on a u n i v e r s a l  j o i n t .  
The r o l l e r ,  t h u s l y  mounted, made i t  p o s s i b l e  to e a s i l y  
change t h e  angle  of approach during t e s t i n g .  
0 
0 coned r o l l e r .  
F u r t h e r  refinements included t h e  use of f langed  r o t a r y  guides 
s i t u a t e d  near  t h e  s i d e  p l a t e s  t o  ensure t a p e  c a p t i v i t y  during 
a l l  opera t ing  modes. Once t h e  c a r t r i d g e  and d r i v e  system were 
ope ra t ing  s a t i s f a c t o r i l y ,  the  next s t e p  was to s e l e c t  t h e  pro- 
p e r  r o l l e r  for t ape  i n s e r t i o n  i n t o  t h e  t a p e  pack. Af t e r  
ex tens ive  t e s t i n g  wi th  c y l i n d r i c a l  r o l l e r s  on simple and complex 
angles ,  one l a r g e  c y l i n d r i c a l  r o l l e r  on a simple angle  was 
s e l e c t e d  as an optimum design.  
Prel iminary methods for providing f a s t  s t a r t - s t o p  c a p a b i l i t i e s  
were s t u d i e d  and a des ign  t h a t  u t i l i z e s  two l i n e a r  s t r o k e  
so lenoids  and a togg le  mechanism was s e l e c t e d  for optimum 
performance. The des ign  c r i t e r i a  included t a p e  holding and 
- 9 -  
r e e l  stoppage during v ib ra t ion  p lus  fast  stop-time to e l imi-  
n a t e  r e e l  coast ing a f t e r  shut-off command. A prototype model 
has been f a b r i c a t e d  and t h e  so lenoids  have been ordered.  
Environmental t e s t i n g  awaits t h e  r e c e i p t  of t h e s e  p a r t s .  
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The brushless  de  motor was received and i t s  c h a r a c t e r i s t i c s  
a r e  displayed i n  f i g u r e s  4 through 6; some of which a r e  
summarized as f o l l o w s  : 
Motor Speed - 2100 rpm (nominal) 
Torque - A t  an operat ing vo l t age  of -17 v o l t s  de and a 
speed of 2100 rpm t h e  a v a i l a b l e  torque i s  0.4 in-oz,  
Comparable measurements made on t h e  1200' 1/4" u n i t  
i nd ica t ed  a need o f  0.23  in-oz,  T h i s  provides a 
s a f e t y  f a c t o r  of b e t t e r  than 1.7. 
Number of Commutating p o i n t s  - Five commutating po in t s  
were f i n a l l y  decided upon w i t h  exce l l en t  r e s u l t s  being 
obtained.  T h i s  dec i s ion  was based on: a.  The mini- 
mum number of commutating p o i n t s  of  t h ree ,  would i n -  
c rease  cogging and o v e r a l l  c o e f f i c i e n t  of f l u c t u a t i o n .  
b .  Excessive poin ts  would decrease r e l i a b i l i t y  and 
inc rease  complexity because of t h e  a d d i t i o n a l  switch- 
ing  t r a n s i s t o r s  and c i r c u i t r y .  
E f f i c i ency  - Orig ina l ly ,  i t  had been s p e c i f i e d  tha t  a 
minimum o f  55% @ 2 watts inpu t  would be requi red .  
Actual measurements show t h e  e f f i c i e n c y  to be 65% 
which exceeds t h e  des ign  goa l  by 5%. 
Mechanical Construction - The case  o u t l i n e  of t h e  motor 
i s  shown i n  f i g u r e  7. Construct ion i s  similar to t h e  
L E C  113 modular h y s t e r e s i s  synchronous motor which i s  
used i n  many spacecraf t  recorder  programs. 
I 
1 





















1.0 2.0 3.0 
TORQUE - OZ.-IN. 3 6 - 4  3 m  
F I G U R E  4 
B R U S H L E S S  DC MOTOR C H A R A C T E R I S T I C S  A T  17 VOLTS DC I N P U T  
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1.0 2.0 3.0 
TORQUE - OZ.-IN. 
F I G U R E  5 
BRUSHLESS DC MOTOR CHARACTERISTICS AT 23 VOLTS DC INPUT 
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OUTLINE - 
BRUSHLESS DC MOTOR 
FIGURE 7 
* 1562 r Dla. 
I .  
MAGNETIC HEADS 
Lis t ed  below a r e  t h e  magnetic head parameters as received 
f r o m  t h e  vendor: 
Record Head - providing 5 i n - l i n e  t r a c k s  on 1/2" t ape :  
Track Width .05 011 
Gap l eng th  . 0 0 0 3 ~ ~  
Track Spacing .110" Center t o  Center 
Average Inductance @ 1 KC 6.36 MH 
Average Resis tance 12 .2  ohms 
Playback Head - providing 5 i n - l i n e  t r a c k s  on 1/2" t ape :  
Track Width .040" 
Track Spacing .110" Center t o  Center 
Gap l eng th  80 inches 
Average Inductance @ 1 KC 40 MH 
Average Resis tance 57 ohms 
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ANTICIPATED PROGRAM 
The program schedule has been updated as shown i n  f i g u r e  8. 
The remaining major milestones,  which a r e  ye t  to be  completed, 
have been c a r e f u l l y  evaluated and r ep resen t  t h e  present  
schedule.  
A summary of t h e  a n t i c i p a t e d  program i s  as fol lows:  
1. 
2 .  





Complete assembly, debug, and prepare u n i t  f o r  
t e s t i n g .  
Design and conduct tests on t h e  momentum compen- 
s a t i o n  system. 
Complete drawings. 
Conduct v i b r a t i o n  tes t s .  
Conduct thermal t e s t s .  
F i n a l  demonstration and de l ive ry .  
Prepare f i n a l  r e p o r t .  
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